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AISTRACT

The research conducted during the last year has been primarily
ldirected toward the development of new controller synthesis techniques
for large modern Air Force aircrai%. Control and modeling of systems
with distributive parameters and time delays have been considered.

iThe goal has been to evolve techniques which can be readily used in

the design of controllers to reduce structural loading during wind gusts
and in the design of controllers which can be used in configuring

the vehicle to reduce appendage size and weight while maintaining
satisfactory aircraft handling characteristics. An eventual goal is to
have tecinniques of synthesis which take account of controt capabilities
during the original confiquring of the behicle, that is, to enable
design of the control system in parallel with the structure and propul-
sion systems.
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Lbstract of Research Conducted

The rescarch coaducted during the last year has been primavily
directed toward the devalopment of new contrcller gynthesis techkniques
for laxge modern Air Force airxcrafi. C(oantrol and modeling of
systems wath digtributive parameters and time delays have been
ccnsidered. The goal has heen o evolive techniques which can
be readily use? in the design of controllers to reduce structural
loading durivg wind gusts and in the design of contrxolliers which
can be nsed in configuring the vahicle ©o reduce appendage size
and weight while maintain.ne ratisiactory ail:craft handling
characteristics., an eveatuaal gnal is to have techniques of
synthesis which take account of control capabilities during the
original ccrfiguring of che vehiclz, that is. to enable design
of the contyol system in parillel with the structure and

propulsion gystems.
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Accomplishments during the last year inciude:

1} Ccmpletion of the guadratic theory of optisization For
linear system with time delzys in the state and comtizol action,

2} Gepexalization of the theory of controllalsility and
ohservability to dynamical systems haviag sttt veviavie as a
point in an infinite divensional spacc.

3} =Rvaluatiorn ¢f various pattern recuognitivn schemes for
identifying faults in physical systems l(electrin nstworks).

4) <cCompletion of work on techniques for simulating system
with time delays using a aybiid computer and s» evaluaticn of
various schemes for identifying parameters of tine delay systems,

further discussion of these studies appear in the next
zection of this veport. AL the present tiwe the work is
continuing on the theory of vontrol configured vehicles and
combined structural desigon-contxel system design proolen., The
developnent of the theory of controllability, stabiliiy, and
observability for infiniie dimensional dynamical systems i3
being continued.

Discugsion ef sesearch couducied

The research nas centerai ch the Jduvelopment of echiiques
foxr controller synthesis when the controlled system hiy nany
degraes of freedom {(including distribuiive parameters and time delays).
Theoretical topics which have promise of providing controllewr

synthesis procedures have been under continual investigation.
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In particiilar the theory of “quadratic control® for systems with
time delays and distributive parameters and 3 system theory for
generalized dyramical systems have been pursued.

The research to extend the guadratic gheory to the more
general model with tims delays and Gistributive parameéers was
done by H. Kbivo.3 fie established that the Praaﬂo;m resélvagt
*theory is a versatile tc¢ol for solvigg qnadiatic ;ontrol prdbiems
‘with time delay constraints. Previous work of Séhﬁmiézky had
shown that certain matriz Ricecati egustions éxe equivaient
to Fradholm resolvents. Xoivo was able to extend this
equivalence to generalized Riccati eguations that arise in
the quadratic theory fovr time delay systeﬁs. and thereby
egtablished a link bhetween the known Cavathéodory theory of
feedback controllers and the meximum principle theory, He
aiso studied the problem of synthesis of feedback controllers
when retardation occurs in hoth the sgtate and contxol variables

ithe Gelay in the control action happens naturally in practically
atl faedback control designs). Using the Fredholm resclvent
theory and the maximum princivle for such delayed éction
problems Koivo and Leee were able to complete the the6ry of

feedback control for the delaved action systems., The quadratic

3

problem fox distributive systems was treazted in a similar mzaner.
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Rdberto Trxggzanx (1n his Pn.D. thesis project) has begun

1nvestzgat1ng system>pxopert1es for syst tems modeled by abstract
dxffeten»zal equatlons. where the system state is a poxnu in a
éepardble-;eal_infinité dimensional Banadh space. This model
.inéiuaeé éiassgg of distributive parametar systems:expressed by
integrb-difﬁerehti%i eéuations an&'infinite_séstemg of linear
differéntiai eéﬁationé. His main géngera‘has been to extend
the control‘ébx‘zty heory (ana also stability and dbservabzllty
~theory) of finite aimepsiena;»systems to this more geaneral type.
He intfodgced‘Ehe‘ébncepé‘of apprcximate'conéroliability and
estdhliéhed a criterion for tes£ing ?he approxinate contrqllaﬁility
@hieh is similar to the test in the finite dimensional case)using
ﬁhe Hahn~-Banach theoremn. |

He has also introduced a caucepc of asymptotic aull
controllab111ty, but in contraszt to the firite dimensional case
such controlldbll;ty does not in general imply the pOSSlbllity
of se}ectiné a real bounded linear feedback functional such that
: ﬁhe'éperator gf the "closed loop" system has its gpectrum in the
lgft half plane.. He is able to find subciasses which have this
" propexty. Triggiani has also been ablie to show that approximatg
controllability admits a dvsl vexsion for observability fox the

~

abstract systen,
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" The thesis wo?k of Donald Gustafsonz was concerned with the
_simulatioi of systems with time delays -and evaluation of various
algorithms for idemu:ifying pd;ameters of time delay systenms,
A.wa?eforﬁ reconstruction method was devised to minimize the
effects of zero-order hold circuitry present in normal sampled-
data-systems'aud-to ccipensate for time quantization errors.
.The various soOftware routines necessary for the simulatioa and
identification are indicated in the thesis.

Sone. effort was devoted to vehicle control problems of
. va¥ious transportation systoms. Kris'Burhar&tl congidered a
traffic network consisting of many overszturated intersections.
The problem he ¢onsidered was that of formulating realistic
goals for the system and the optimization of the switching
cycle of the lights used to control the flow in the network.
‘Functional analysis and a maximum principle were satisfactorily
applied to this proklem. David Scharmack (in his Ph.D.
thesis project) is considering the empty vehicle shuttling
éroblem for various small vehicle transportation system. 2
gtochastic model for the system has been developed which can
be used in the design of stations in the system. In pavrticular
he is able to predict customexr waiting times and ruizs for
shuttling vehicles within the system.

Work is continuving {Thesis project of Robert Stover) to
develop better technigues for detection of faults in electronic

circuits. At present various pattern recognition schemes are
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being nodified and tested to determine their applicability to
the fgult deteetion.préblem, {the hybrié computer is being
used in the training phase).

The control of a large flexible spinring space station is
being investigated by S. Bummel in his Ph.D. Thesis research.
Basically he is trying to determir.e the contrel logic to be
used when men and equipment move in predetermined paths in
the station.

Also the theoxy of optimal controi from the set of
attainability point of view was extended to certain linear
periodic systems. The results of this study are reported in
the paper of Lee and Spyl:er.7

Other Activities

Dr. E.B., Lee took part in the IFAC confereace on Distributed
Systems held in Banff, Canada Suring Jure, the all Union
Confereace on Control Problems held in Moscow during September
#nd an International Conference on Systems “heory held on the
Sanibel Island during Januaxy. In addition he visited the
Technical University of Warsaw for one week in October and gave a
seminar talk at the Institute for Information Sciences and
Automation of the Czechoslovakian Academy cof Science in Pirague.
He also took part in the final oral briefing on the controi

configured vzhicle (CCV) advanced study contracts of Honeywell-
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Lockheed, Boeing, Cornell and Mcnonneli heid at the Air Force
Flight Dynamics Lakoratory in Dayton during February.
As Associate director of the Center for Control Sciences,
. Dx. Lee has continued the development of the University of
#innesota program in the control area. ﬁé weg the advisor
o of 3 Ph.D., students and 4 M.S. students who completed their
worlkk during 1971, His own reseaxch has concentrated un the

development of techniques for control systems synthesis.
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